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LIB IIS  OF  THE  PRACTICAL  APPLICAIICS  OP  THE  LINEAR  THEORY  OF  LIFTING 
SEBFACES  TO  THE  CA1CULA11C*  CF  HIHG  IB1CDY * ABIC  CHARACTERISTICS 


S.  C.  Yernolenko  and  A.  V.  Bcvnykh 


As  we  know,  the  well-developed  linear  theory  of  lifting  surfaces 
is  based  on  the  assunpticn  that  the  angle  cf  attack  is  snail,  and  the 
vortey  film  is  infinitely  thin  and  lies  in  the  plane  of  the  wing 
chord.  And  although  the  Units  cf  the  applicability  of  the  linear 
theory  would  seen  to  be  clear  froa  the  simplifying  assunptions  upon 
which  it  is  based,  this  question  oust  kc  considered  in  nore  detail, 
siace  up  to  now,  unforturately,  there  are  rtiU  rather  varied 
Opinions  on  the  unconditional  reliability  cf  results  obtained  for 
wiqgs  with  linear  dependences  cf  the  lift  >atd  aiial  nonent 
coefficients  on  the  angle  of  attack.  Ibis  opinion  is  based  on  the 


fact  that  in  spite  cf  the  as&unpticn  of  the  siallness  of  angles  a. 


DOC  1105 


E1GE  2 


the  total  aerodynamic  force*,  and  cften  eve#  the  axial  moment 
deterained  by  aethcds  cf  the  linear  theory  coapletely  satisfactorily 
agree  with  the  experiaental  data  in  victnally  the  entire  range  cf 
suhcritical  values  cf  tte  argles  of  attack  cf  wings  with  both  simple 
and  complex  planforas  [1,  2]. 


However,  as  experience  shows,  whey  there  is  a linear  dependence 
cf  coefficients  and  ci  the  argle  of  attack  for  the  wing  as  a 
whole,  the  analogous  dependences  fcr  its  cress  section  are  net 
necessarily  linear. 

Is  an  exaaple.  Figures  1 and  2 give  the  results  of  wind  tunnel 
tests  of  models  of  swept  anc  so-called  composite  wings  with  rather 
large  aspect  ratios  (X  = 5 and  3,  2).  lfaey  else  show  calculations  cf 
the  aerodynamic  characteristics  cf  these  siegs  according  to  the 
linear  theory  of  the  lifting  surface.  It  is  evident  from  the  analysis 
cf  the  aerodynamic  characteristics  that  the  dependences  of  the  Lift 
and  axial  moment  coefficients  on  the  angle  of  attack  are  virtually 
lineas  in  both  wings,  utereas  the  ccrrespofoing  coefficients  of  the 
cicss  sections,  at  least  ever  part  of  tls  wing  span,  are  essentially 
nonlinear.  The  nonlinear  effects  are  most  clearly  manifested  in  the 
characteristics  of  the  end  cross  sections  ir  tte  swept  wing,  and  6 1 so 
near  the  joint  of  the  wing  center  esetioq  »ith  the  cantilevers  in  the 
ccipcsite  wing. 
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Fig.  2.  KEY: 
[2].  ,{H)  Men 


mmmmwuM 

mmmwMmu 


Kmmmwmm 

|£'PHEZjl£n 


■■n^nn 


mmmmnrMl 

■■PM 

m 


mmm 


■ rmmrM* 


WMVk tmnu 


Mlllll 


lllfitt 

mumm 

:37i«i 


m^mi 

Mi *; 


!■■■■■■& 


E«C 


1105 


FIG  t 5 


Thus,  even  for  wings  with  rather  ‘large  aspect  ratios  and  small 
angles  cf  attack  (a  = 1C-150),  the  linear  theory  can  result  in 
considerable  errors  during  the  calculation  cf  the  local  aerodynamic 
leads. 


Tie  lewer  the  aspect  ratic  cf  the  wing,  the  lower  the 
effectiveness  of  the  linear  theory  cf  .lifting  surfaces.  The  linear 
dependence  of  the  lift  and  axial  acacnt  coefficients  on  the  angle  cf 
attack  and  large  inductance  ccsparcd  be  wings  with  noraal  aspect 
ratios  are  characteristic  of  wings  with  ssall,  in  particular,  very 
ssall  aspect  ratios.  The  cectex  cf  pressure  of  the  aerodynamic  forces 
cf  these  wings  moves  intensively  toward  the  trailing  edge  with  the 
increase  in  the  angle  cl  attack.  The  linear  theory  does  not  reveal 
these  peculiarities,  and  it  gives  the  inccrrcct  results 

A- *#<£'4* 

when  calculating  the  characteristics  a ct  Ofly  cf  the  cross  section, 
hut  also  of  the  wing  as  a whole,  in  a large  portion  cf  the  range  of 
angles  cf  attack  of  practical  interest  (Fig.  3).  This  occurs  because 
the  vortex  system  at  its  base  does  act  cocrespcfd  to  actual  flew 
about  a wing  at  large  angles  of  attack.  In  this  case,  the  vertex  wake 
tebind  the  wing  and  on  its  tpper  surface  is  very  thick,  varying  over 
the  chcrd  and  the  span. 


ECC  = 1105 


FACE  7 


Fig.  4.  KEY:  (1)  Experiment  (plate).  (2)  lirear  theory  [1] 
Nonlinear  theory  [4], 
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Ibe  possibility  of  applying  the  linear  theory  to  the  calculation 
of  the  characteristics  cf  wings  acting  near  the  ground  or  a free 
surface  is  even  more  liaited.  Hear  the  interface  of  the  Mediums,  the 
dependences  c^  = f (a)  atd  a%  = f(o)  are  essentially  nonlinear,  even 
fcr  wings  with  large  aspect  ratios.  It  snail  relative  distances  frcm 
the  wing  to  the  interface  (h  = h/t),  the  linear  theory  only  gives  a 
reliable  result  at  small  arcles  cf  attack  (Fig.  4).  Large  subcritical 
(larding)  angles  a are  also  cf  practical  interest. 

the  calculation  of  the  characteristics  cf  wings  with  a 
deflecting  leading  edge  cr  with  flaps  (notched  vanes)  by  the  linear 
theory  is  also  limited  to  snail  angles  cf  attack  and  small  angles  cf 
deflection  cf  the  flaps  (Fic.  5). 
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Thus,  the  linear  theory  of  the  lifting  surface  only  gives  us 
unconditionally  reliable  results  whet  calculating  both  overall  and 
distributed  characteristics  at  very  snail  aigles  of  attack  (a  ~ 0)  . 
Cne  should  be  extrenely  careful  in  extending  these  results  to  angles 
cf  attack  which  differ  significantly  fren  zero. 

In  conclusion,  we  will  point  cut  that  the  nonlinear  theory  cf 
the  lifting  surface  [3]  based  cn  acre  general  prerequisites  has  many 
■ore  possibilities  for  practical  applicaticr. 
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